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Abstract 
Altogether 64 predominantly biological traits were coded for more than 600 macroinverte- 
brate species from European rivers. The main question was: Are biological traits able to re- 
flect "biological functionality" in large rivers and if so, is it possible to deduce an assessment 
system based on functionality? Analysis of the raw trait structure of all species indicates that 
these traits are not completely independent from their higher systematic units. To avoid mis- 
interpretations when judging from mixtures of habitats (~-biocoenosis) we used for our in- 
vestigations only sample series from c~-biocoenosis, pre-tested by a mathematical criterion 
of homogeneity. Within c~-biocoenosis, traits are shown to be able to compensate for drastic 
changes with respect to species number and species composition along a river continuum, 
demonstrating their functional quality. Long-term changes in the trait and species tructures 
of German waterways were studied using multivariate methods, based on an analysis of 142 
sampling series. A shift from traits typical for K-strategists o traits typical for r-strategists 
was detected to be the main background variable. The rK-strategy isregarded as a true func- 
tional character of species. We calculated the relative positions of all trait-coded species on 
this rK-scale, and plotted the functional diversity of our samples against the structural diver- 
sity of the species from several river systems. Rivers extremely dominated by r-strategists 
show a deficit in functional diversity. Rivers dominated by K-strategists also show deficits, 
possibly in concordance with modern ecological theories uch as the intermediate distur- 
bance theory. The quantitative proportions of extreme r- to K-Strategists in c~-biocoenosis 
can be used as a general disturbance measure. 
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Introduction 
Traits are characteristics of animals that are related to 
their biological, ecological or physiological ttributes. 
In Germany in particular "ecological" traits are well- 
known for saprobic preferences, zonation patterns or nu- 
trition types of aquatic macroinvertebrates, as recently 
presented e.g. by SCm~EDTn~ & COLHNG (1996) or 
MOOG (1995). In addition, traits are related to habitat 
characteristics and the biological and ecological func- 
tions of species, and thus they should also permit a view 
into the functional structure of biocoenosis. Using traits 
instead of species has several advantages. For instance, a 
comparison of biocoenosis with totally different species 
composition is senseless if species are regarded, but a 
comparison of their traits may be meaningful. This 
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makes it possible to develop assessment systems for run- 
ning waters based on trait structure, which work over a 
larger geographic scale than assessment systems based 
on species composition (STATZNER et al. 1997, 2001). 
Moreover, there are mathematically founded advan- 
tages: the number of traits is low relative to the number 
of species, and thus there is a strong decrease in the di- 
mensionality when multivariate methods are applied. 
The practical applicability of trait based assessment 
methods are often limited by the fact that most results 
computed by multivariate methods must be regarded as 
hypotheses only. Furthermore, in a second step, these 
hypotheses must be interpreted intheir biological sense, 
which is not easy in general, and often practically im- 
possible. However, several applications oftrait based as- 
sessment methods [e.g. in connection with river pollu- 
tion (CHARVET et al. 1998; USSEGI~o-PoLATEI~A & 
BEISEL 2002), anthropogenic nfluences in general 
(DoLgDEC et al. 1999; GAYRAUD et al. 2003) or ecologi- 
cal assessment theories (STAa'ZNER et al. 2001)] demon- 
strate the potentialities of investigating trait structures. 
Although several authors tress the "functional spects" 
of this method, it is often hard to decide what the traits 
stand for in reality. What mirrors only structural spects 
(the species and their abundance) orwhat reflects gener- 
al, more or less structure-independent characteristics of 
a biocoenosis? Moreover, some traits are strongly con- 
nected with specific types of substrates and therefore 
will mirror more the general habitat characteristics of 
the biocoenosis than functional ones. In the following 
we analyse the trait structure of benthos biocoenoses of
different European rivers with respect to spatial and tem- 
poral changes. Based on a clear definition of the term 
"biocoenosis", we try to find hints that biological traits 
are suitable to detect and to interpret functional relation- 
ships in large rivers. 
Methods 
Selection and coding of species traits 
Altogether 606 species or higher taxa were coded with 
biological traits. All taxa should fulfil 2 criteria: 1. deter- 
minability in the aquatic stage, 2. countability. All mod- 
ular organisms were excluded (e.g., Spongillidae and 
Bryozoa), and taxa with high determination effort (e.g., 
Oligochaeta nd Chironomidae) were not coded to 
species level. 
Selection and coding of suitable traits 
We used the trait-set introduced by CHARVET et al. 
(1998), which is essentially founded on the trait-set used 
in DOLgDEC & STATZN~R (1994) for about 260 insect 
species of the Rhrne River and which is based on the 
formulations of the habitat emplet heory of SOUTH- 
WOO1) (1977, 1988) as interpreted by TOWNSEND & Hm- 
D~EW (1994). Coding took place on the basis of the ex- 
isting French database housed at the Universit6 de Lyon. 
Table 1. Set of biological traits and their 14 trait categories. 
A: Size [mm] B: Number of descendants 
al - <=5 per reproductive cycle 
a2-  >5-10 bl -<=100 
a3 - > 10-20 b2 - > 100-1000 
a4 - >20-40 b3 - >1000-3000 
aS-  >40 b4-  >3000 
C: Number of D: Number of reproductive 
reproductive cycles/a cycles/Ind. 
cl -<1  d1-1  
c2 - 1 d2 - 2 
c3 ->=2 d3->2 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
E: Life duration of adults 
el -<=1 day 
e2-  >1-10 days 
e3 - >10-30 days 
e4-  >30-365 days 
e5 - >365 days 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
G: Parental care 
gl - budding regeneration 
g2 - isolated eggs 
g3 - eggs in vegetation 
g4 - cemented terrestrial eggs 
g5 - cemented aquatic eggs 
g6 - ovoviviparity 
F: Reproductive technique 
f l  - single individual 
f2 - hermaphrodism 
f3 - male and female 
h Attachment to substrate 
i l - swimmers (l+i) 
i2 - crawlers (l+i) 
i3 - burrowers (I) 
i4 - temporary 
i5 - permanent 
H: Dissemination potential 
(in the water) 
h l -<=10 m 
h2->10-100 m 
h3->100-1000 m 
h4-  >1000-10000 m 
h5-  >10000 m 
J: Body flexibility 
j l  - none (<10 °) 
j2 - low (>10-45 °) 
j3 - high (>45 °) 
K: Body form L: Feeding habits 
kl - streamlined (I) I1 - engulfers 
k2 - flattened (l+i) 12 - shredders (l+i) 
k3 - cylindrical (l+i) 13 - scrapers (l+i) 
k4 - spherical (l+i) 14 - deposit feeders (I) 
15 - filter-feeders active 
16 - filter-feeders passive 
17 - piercers (I) 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
N: Respiration 
(aquatic stage) 
nl - aquatic (I) (tegument) 
n2 - aquatic (I) (gills) 
n3 - aquatic (i) (plastron) 
n4 - aquatic (I) (spiracle) 
M: Food 
ml -detritus <=1 mm 
m2-  detritus >1-10 mm 
m3 - detritus >10 mm 
m4-  plants <=1 mm 
mS-  plants >1-10 mm 
m6 - plants >10 mm 
m7 - animals <=1 mm 
mS-  animals >1-10 mm 
m9-animals  >10 mm 
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Additional species were coded by the authors 
(Ephemeroptera, Crustacea, "Neozoa") and by the fol- 
lowing French experts: Dr. BERNHARD STATZNER, Dr. 
SI~BASTIEN GAYRAUD, Dr. SYLVAIN DOLgDEC (all Lyon), 
Dr. PHILIPPE USSEGLIO-POLATERRA (Metz) and PHmIPPE 
R~CHOUX (Lyon) for all other taxonomic groups. Alto- 
gether 14 trait categories with 68 single traits were used 
for the present study (Table 1). Examples include: size, 
number of descendants, life cycle types, nutrition types, 
and body form. Coding took place in accordance with 
CHZVENET et al. (1994) on a scale from 0 = no affinity to 
3 = high affinity. In a second step, these numbers were 
transferred toa metric percent scale for computation. 
Sampling procedure 
We analysed samples from a European data set that has 
been elaborated during an international research project 
on large rivers in collaboration with the hydrobiological 
working group of Prof. Bernhard Statzner, Universit6 de 
Lyon (SCHOLL et al. 2004). The full data set accumulat- 
ed about 1122 river reaches in 12 European countries, 
but mainly in France and Germany. A detailed escrip- 
tion of the whole data set with all references i given by 
GAYRAUD et al. (2003). For this study mainly our own 
samples from German federal waterways were anal- 
ysed. These were taken from a ship by means of a 
dredge and an orange-peel grab. With this technique 
(T1TTIZER & SCHLEUTER 1986) sampling is nearly inde- 
pendent from the water level, and samples can be taken 
from several depth zones (0.3 to 5.0 m) and different 
substrate types (silt, gravel, stone, rock). The settlement 
of a representative sub-sample of 1/8 m 2 was kept quan- 
titatively in 90% ethanol and determined in the labora- 
tory to the species level if possible. Several (~ 12-16) 
quantitative samples of one investigation period were 
combined into a sample series (altogether 142). Sam- 
pling in other European rivers was carried out from the 
river banks. In all cases, samples were quantitative, the 
sampling procedure is described in detail in the respec- 
tive references. 
Series definition of samples 
Several traits are habitat sensitive, and as a result, the 
comparison of trait structures of samples taken from dif- 
ferent habitats is extraordinarily complicated. A mathe- 
matical homogeneity criterion was developed (KON~C 
2002) to avoid the necessity of mixing such heteroge- 
neous samples. This criterion ensures that the mean 
number of species (or higher taxa resp.), as well as the 
species composition, remains constant within one series. 
We define the settlement of such a mathematically ho- 
mogeneous series as the corresponding c~-biocoenoses. 
In the following, only trait structures of such bio- 
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coenoses are concerned. For the calculation, all taxa 
were included, also species not coded with traits. 
Calculation of trait structures from samples series 
To calculate the relative proportions of each trait in a 
sample, the following formulas were applied: 
B(k) = 100% • p(k) L Ps ' p (k) = i=1 ~ a(i)  • T(i,k) 
N 
Ps = ~ p(k), A(i) = ~ [0.8231, Ln(I( i , j ))  + 0.4162] 
k j= l  
B(k) = 
g ~__ 
N = 
I(i,j) = 
A(i) = 
T(i,k) = 
value of categorization in the trait k within one 
trait category (in percent); 
number of classified species; 
number of samplings; 
number of individuals of the i'th species in the 
j'th sample [Ind/m2]; 
sum of abundance classes of taxon i; the coef- 
ficients realise the transformation of Ind./m 2
to abundance classes after DIN 38410; 
value of trait k in the species i; values = 0 to 3 
(only classified species): 0 = no affinity; 1 = 
low affinity; 2 = middle affinity; 3 = strong 
affinity. 
This procedure nsures a better comparability of trait 
structures between different sample stations. We used 
log-transformed numbers, rather than species numbers, 
in order to achieve acertain standardisation f the math- 
ematical distribution of values. Other transformations 
may be possible, such as the present-absent transforma- 
tions used by GAYRAUD et al. (2003). 
Comparison of trait structures 
of different samples series 
We used the Pearson Product-Moment Correlation Coef- 
ficient (r), which is a measure of the degree of linear re- 
lationship between two variables, to calculate similari- 
ties between two trait sets. The value varies between -1 
and 1. In addition, the coefficient of determination (r 2) 
was calculated. It is possible to interpret the results di- 
rectly. For instance, a value ofr z = 0.8 means that 80% of 
the variance of both variables is determinated. 
Principal component analysis (PCA) was used as a 
multivariate method. A goal of the PCA is the reduction 
of dimensionality on few main factors and an ordination 
of the objects according to mathematical criteria. The re- 
sult is always a hypothesis only. The main axis stands for 
background variables, responsible for the ordination of 
the samples along the axis. So, it is often useful to find a 
biological interpretation f the first one or two axis. 
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Pre-tests 
Several pre-tests were carried out to detect he power 
and sensitivity of the method. Characteristics tested in- 
cluded those investigated well at the species level, e.g., 
the lowest taxonomic level required for investigations 
(see e.g., BAILEY et al. 2001; BOWMAN & BAILEY 1997; 
FURSE et al. 1984; LENAT & RESt~ 2001; OLSGA~D et al. 
1997), the influence of seasonality (see e.g., FURSE et al. 
1984), and zonation patterns of macroinvertebrates 
along rivers (see e.g., ILHES & BOTOSANEANU 1963; 
VAN'~OTE et al. 1980). 
Taxonornie level: Trait structures of all genera were 
compared with the trait structure of their corresponding 
species using Product-Moment Correlation (PMU). 
Identities of trait structures of about 90% of all genera 
and species are greater than 0.90, and 70% have a trait 
identity greater than 0.95. This indicates that they are 
more or less identical. At the family level, only 62% of 
the species - family pairs show PMCZ-values greater 
than 0.85. 
Seasonality: Tests in several German waterways 
(Danube, Elbe, Rhine, Saale, Mittellandkanal) show that 
seasonal changes within the trait structure of a biocoeno- 
sis are low in general. Using PMC, the r2-values are be- 
tween 0.90 to 0.99. If the winter season is excluded the 
values are from 0.95 to 0.99. This indicates that the trait 
structure of the fiver fauna remains relatively constant 
and does not reflect seasonal changes. 
Results 
Zonation patterns 
We tested mathematically homogeneous series of sam- 
ples along several European Rivers. In general, species 
changes along a longitudinal gradient were only weakly 
mirrored, as had been expected by the high similarity be- 
tween trait structures of genera and corresponding 
species (see above). For instance the trait structure along 
the Rhine River in the year 2000 was almost identical 
within the habitat of the loose boulders (PMC2: Southern 
Upper Rhine km 220-360 vs. Lower Rhine km 655-845 
= 0.963). In the Elbe River (year 2000), where strong 
changes of physicochemical conditions occur trait struc- 
tures represent hese differences clearly (PMC2: km 
0-33 vs. km 437-575 = 0.46). 
The most interesting results have been observed 
along the Duero-River in Spain (data from 1981: GON- 
ZALES DEL TANAGO & GARCIA DE JALON 1982, cit. after 
GAYRAUD et al. 2003), see Table 2. 
The ecological traits (rhithral/potamal) clearly indi- 
cate a strong longitudinal gradient. The number of clas- 
sified species, and the average species number in the 
lowest river section (kin 875) was only about 1/2 of the 
uppermost ection (kin 384). Remarkably the biological 
trait structure (PMC 2 (%)) within homogeneous sample 
series and obviously within comparable habitats was al- 
most identical along the whole fiver (93-95%). This re- 
sult strongly supports the habitat-templet-theory f 
SouTrrvvooD (1977, 1988). After SOUTHWOOD the habitat 
is the templet hat filtrates the traits with the best fit, 
principally regardless of the number or identity of the 
species present in the biocoenosis. Although the number 
of species in all stretches of the Duero is not comparable, 
and although also the species composition is quite dif- 
ferent, the biological trait structure is always exactly the 
same. This finding supports the theory that traits can 
represent true functional characteristics of the benthos 
biocoenosis. 
Traits as functional describers of long term 
changes in rivers 
Fig. 1 shows the long term development of the complete 
trait structure on the northern Upper Rhine (kin 
363-535) in comparison to the macroinvertebrate fauna. 
The complete trait structure of the loose boulder ct- 
biocoenosis shows a strong shift within the period from 
Table 2. Duero-River (Spain/Portugal). Development of trait structure and species structure along the river, PMU = determination coefficient 
(r 2) of product moment correlation; Bray-Curtis (%) = similarity Index of BRAY & CURTIS (1957); rhithral and potamal (%) = ecological traits ac- 
cording to SCHMEDTJE • COLLING (1996). 44 of 54 taxa classified. 
Parameters Duero 
km 384 km 570 km 656 km 875 
No. of classified taxa 34 20 22 18 
Average number of taxa/0.5 m 2 16.25 8.75 10 6.75 
PMU (%) 100 95 93 95 
Bray-Curtis (%) 1 O0 46 46 48 
Rhithral (%) 43 39 31 29 
Potamal (%) 48 45 56 60 
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1986-2000. The trait similarity (PMC 2) of 1994 to 2000 
is only about 60% in comparison to the starting situation 
in 1986, reflecting a nearly complete change of the fau- 
nistic composition (see Bray-Curtis-Index). Values of 
about 50-60% (PMC) are typical for comparisons be- 
tween different fiver systems. The analysis of the quali- 
tative and quantitative species tructure with Bray-Cur- 
tis's index (BRAY ~; CURTIS 1957, Fig. 1) indicates that 
the fauna between 1986 and 1991 remained relatively 
similar. Strong shifts happened in a short period from 
1991 to 1993. Starting from 1993 the faunal composition 
and the trait-structure (from 1994) are completely differ- 
ent to those of the period 1986-1991. In 1991 the con- 
nection between the Rhine-system to the Danube-sys- 
tem took place with the opening of the Rhine-Main- 
Danube channel. This event opens the door for an inva- 
sion of various pontocaspian species to central Europe, 
as has been published by various authors, e.g. IKSR 
(2002), KEI.I.Et~ER et al. (1998), TITTIZER et al. (2000) or 
VAN DER VELDE et al. (2000). However, note in this con- 
text that several mass invaders were established in the 
Rhine-catchment before (cf. TrrT~ZER et al. 2000), and 
that also the environment of the Upper Rhine in 
1988-1989 was already influenced by alien species. 
Raw structure of traits 
Multivariate methods were applied in order to detect 
ecological background variables accountable for the 
strong shift of species and trait structures in the Rhine, 
as well as in most other German waterways during the 
last decade. For a better understanding of our results 
from macroinvertebrate samples the raw structure of the 
biological traits of all 606 taxa was investigated before 
(Fig. 2). 
The raw trait structure of all classified taxa was ordi- 
nated using PCA and ADE-4 (THIOULOUSE et al. 1997, 
Fig. 2). The ordination diagram indicates that there is a 
relationship between different higher taxa and their bio- 
logical traits. Because of this "structural" component i  
would be an irregular simplification to interpret he 
complete biological trait structure of a sample simply as 
the "functionality" of the biocoenosis. 
However, the Eigenvalue of the first axis is low 
(~ 13%), and a weighting of the traits with the abun- 
dances of the taxa take place when computing real sam- 
ples. Therefore this relatedness must not cause problems 
in samples, but it easily could. This would be especially 
the case when samples from habitats dominated by in- 
sect-groups (esp. EPT) are compared with samples 
which are dominated by Crustacea nd Bivalvia, which 
is often the case in particular when upper reaches of 
rivers are compared with lower sections, or small with 
large rivers. Here, the results of an ordination would be 
highly influenced by the different ground structures of 
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Fig. 1. Development of the trait and species structure of the north- 
ern Upper Rhine from 1986 to 2000. The identity of the complete sets 
of the trait-structures of the sample series is compared over the Prod- 
uct-Moment Correlation (PMC). The species-identity is compared 
with the help of the similarity measure of Bray & Curtis (BC). 
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Fig. 2. PCA-ordination diagram. Trait structures of all classified 
species. Ellipses represent their corresponding higher taxa, mainly 
classes or orders, representing at least 80% of the values. Biv = Bi- 
valvia, Col = Coleoptera, Cru = Crustacea, Eph = Ephemeroptera, 
Het = Heteroptera, Hit = Hirudinea, Hyd = Hydrozoa, Gas = Gas- 
tropoda, Lep = Lepidoptera, Meg = Megaloptera, Neu = Neuroptera, 
Odo = Odonata, Pie = Plecoptera, Pol = Polychaeta, Tri = Trichoptera, 
Trc = Tricladida. Grey ellipses emphasise dominant taxa in European 
rivers, namely Bivalvia, Crustacea and EPT. For further explanations, 
see text. 
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the traits. Note in this context that Coleoptera r rely play 
a significant quantitative role, and that he axes Bivalvia 
to EPT would be the first axis when Coleoptera re not 
included (tested, but not shown). 
Shift of trait structures in the Rhine River 
Fig. 3 shows the principal component analysis (PCA) of 
the trait-structures from several German waterways. The 
complete trait-sets of sample series are ordinated. We 
were interested in the background variable which is re- 
sponsible for the separation of the sample series along 
the axes, esp. the Fl-axes. Is this mathematical back- 
ground variable explicable by a meaningful biological 
theory? The relationships in the Rhine River, whose 
sample series are separated along the main factor F1 will 
be analysed in the following. 
• Analysis of the PCA 
There is a great difference in the trait structure of series 
of the northern Upper Rhine (grey) between the 1990's 
(1996-98, left) and the 1980's (1986-88, right), as has 
been already demonstrated by the one-dimensional 
method above (Fig. 1). Both series are separated mainly 
along the Fl-axis. This means that the mean factor (F1), 
responsible for the separation of all German waterway 
samples that are included in the ordination, is also the 
factor responsible for the differences in the trait struc- 
f Eigenvalues F2 12 "k 
1 .-~12~ 12/  
• f ~Ic~ooo ~ ~  
,, 
N :: N~vD ::::~ 
W@80 
Fig. 3. PCA of the complete trait structures of 142 homogeneous 
series from federal waterways. Ellipses cover samples of the same 
river or period, representing at least 80% of the values. Rh = Rhine 
(grey), El = Elbe, Do = Danube, We = Weser, Sa = Saale, Od = Oder, 
Mi = Mittellandkanal. 
tures of the 1980's and 1990's in the northern Upper 
Rhine. The analysis of the associated traits shows that 
the traits al, c3, h5 (small species, several generation cy- 
cles, high dispersion potential) are specifically responsi- 
ble for the samples on the left, and so also for the 1990's 
series of the Rhine, while the traits a5, c3, h3, h4 (large 
species with only one annual generation cycle and an av- 
erage dispersal potential) are typical for the right half of 
the axes and therefore also for the 1980's series of the 
Rhine. 
• Interpretation of the background variable 
Judging from ecological theories to the rK-continuum 
(P~aNKA 1970; SOUTmVOOD 1988) traits like al, c3 and 
h5 are characteristic for r-strategists, while a5, c3, h3, 
h4 are more typical for K-strategists. We think it is justi- 
fied to conclude that he macroinvertebrate fauna of the 
northern Upper Rhine has changed from the 1980's to 
the 1990's from a biocoenosis dominated on average by 
K-strategists to a biocoenosis dominated by r-strate- 
gists. 
Development of a quantitative tool for estimating 
functional r/K-relationships in large rivers based on 
the results of the analysis of the biological traits 
The mathematical transformation which is fundamental 
to the ordination i  Fig. 3 allows us to calculate relative 
positions of all trait coded taxa on the Fl-axis. As a re- 
sult we receive aseries of all coded species on a one-di- 
mensional rK-scale. NB: We calculated also a rK-scale 
using only the trait categories A, C, H (see Table 1) of all 
coded species, without samples. This calculation led to 
similar esults with respect to the position of the species 
on the rK-scale. 
To accomplish a better reliability and clarity of our re- 
sults that are founded on empirical data, we then classi- 
fied all taxa into eleven equidistant classes. An examina- 
tion of the rK-classified taxa indicates that a large num- 
ber of taxa that had been noted as mass-species in our 
database, were classified within the first 3 classes. In ad- 
dition, taxa classified in these first classes how a much 
greater variance of the number of individuals than taxa 
classified within the other classes. These findings sup- 
port our theory that the first classes are represented pre- 
dominantly by r-strategists. 
The rK-strategy describes a functional, global, and 
not habitat-related, attribute of species. After SOUTH- 
WOOD (1988) it summarises various trategies of growth, 
breeding and dispersion as well as the strategies of re- 
source utilisation. If the functional quality of the rK-con- 
tinuum is accepted, it is possible to compute the func- 
tional diversity of macroinvertebrate biocoenosis. We 
suppose, that a high functionality is given in a biocoeno- 
sis when various rK-strategies are represented more or 
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less evenly. If the biocoenosis dominated by r- or K- 
strategists he rK-diversity is lower. Because the number 
of classes is known to be eleven the rK-functionality can 
be described by the Shannon-Wiener-Index: 
1I 
FrK = -- E Pi" ln(pi),Pi = n, 
i=1  N 
where F~K is the rK-diversity (~rK-functionality) within 
a homogeneous ~-biocoenosis, N is the total number of 
individuals, and n~is the number of individuals within r- 
K-class i. 
A priori we would expect hat an increasing species 
diversity is positively correlated with an increasing 
functional diversity. And this is obviously true for vari- 
ous a-biocoenosis in a number of European rivers (Fig. 
4). We think that greater deviations from an imaginary 
line (black line in Fig. 4) that represents he average re- 
lationship between structural nd functional diversity of 
a biocoenosis point to deficits. For instance, the grey el- 
lipse covers macrozoobenthos data mainly from the 
River Rhine from 1993 to 1996 and 2000. These bio- 
coenoses are strongly dominated by r-strategists, and are 
characterised bya much too small functional diversity in 
comparison totheir species diversity, which can be inter- 
preted as a functional deficit (see also Fig. 5.). 
Also the biocoenosis of the Ardeche River (data from 
DOLt~DEC 1989) in France show functional deficits 
(white ellipse in Fig. 4) in comparison to their very high 
species diversity. In contrast o the Rhine River, the 
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Fig. 4. Relationship between species diversity and functional diver- 
sity in macroinvertebrate communities in Europe. Only homogeneous 
cz-biocoenoses are compared (cf. KONI6 2002). Ar = Ardeche, Do = 
Danube, DHK = Datteln-Hamm-Canal, El = EIbe, Ma = Main, Rh = 
Rhine, SI = Saale, We = Weser, Wei = Vistula. Numbers stand for years 
in the 20th century, except 20 = 2000. Ellipses cover samples with 
functional deficits, see text. 
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Ardeche is K-strategist dominated toa high degree. The 
- in comparison with all other tested rivers - very low 
degree of disturbance in the River Ardeche led to an uni- 
lateral distribution within the eleven r-K-classes because 
K-strategists predominate. The functional diversity 
could be higher with a slightly increasing fraction of pre- 
dominantly r-strategists, perhaps as a result of an "inter- 
mediate" disturbance event (cf. CONELL 1978). 
Disturbances in ecological systems are in general 
characterised byan increasing number of r-strategists. In 
contrast, less disturbed systems are predominantly in- 
habited by K-strategists. Therefore the relationship of 
the extreme r-strategists (classes 1-3) to all others can be 
interpreted as a general disturbance measure. In the 
Rhine River in 1993 for instance the relation between 
extreme r-strategists topredominantly K-strategists was 
about 26/1, while in the Ardeche River 1983 it was about 
0.4/1. 
Preliminary, judging from our data, we would sup- 
pose that a dominance of r-strategists atabout 80% of 
the individual number of homogeneous series points to a 
strong disturbance of the biocoenosis. As specified 
above the Rhine series of the years 1993-1996 and 2000 
exhibits a prevalence of r-strategists. The long-term de- 
velopment of the functional diversity on the northern 
Upper Rhine is shown in Fig. 5. 
Between 1986 and 1992 the functional diversity was 
oscillating around astable value of about 1.4. The influ- 
ences of mass invaders are well documented bya sudden 
decrease to 0.4 in 1993. Since then the functional diver- 
sity has been on average increasing, but the amplitudes 
are much wider than before 1993 and the whole system 
has not reached a stable value yet. 
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Fig. 5. Long-term changes in the functionality (rK-diversity) of 
macroinvertebrate communities in the northern Upper Rhine. 
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Conclusions 
The use of traits led to a strong decrease in the number of 
dimensions in comparison to species level and therefore 
led to a simplification. This simplification is necessary 
to detect environmental background variables responsi- 
ble for the status of, or the shift in, macroinvertebrate 
biocoenosis. For a better understanding of the results 
and for a better comparability of different samples acri- 
terion should be used to focus on ~t-biocoenosis and to 
avoid a mixture of habitats and related biocoenosis. Trait 
sets represent a mixture of species characteristics related 
to their biology, habitat preferences, or simply to their 
taxonomic unit. As a consequence, they are relatively ro- 
bust against slight faunal changes, such as those caused 
by seasons for example, and may be useful for long term 
monitoring of rivers. Care must be taken when interpret- 
ing results from multivariate ordinations. One purpose 
of ordination techniques such as PCA or CA is to find a 
main factor for the mathematical separation of samples. 
This main factor often represents only differences in 
habitat characteristics or in taxonomic omposition of 
samples, and cannot per se be interpreted as a function of 
a sample. 
Within c~-biocoenoses, traits are shown to be able to 
compensate for drastic changes with respect o species 
number and species composition along a river continu- 
um, demonstrating their functional quality. In the case of 
the long term changes of macroinvertebrate biocoenoses 
in German waterways it was possible to associate a spe- 
cific trait combination with the background variable, 
and to interpret this variable as close to or identical with 
the predominating rK-strategies of their biocoenoses. 
Because all species have a specific rK-strategy, which is 
correlated with fundamental biological characteristics, 
such as growth, reproduction, and dispersion, it can be 
interpreted as a true functional characteristic, neither as- 
sociated with specific taxonomic groups nor with specif- 
ic habitats only. Calculations of the rK-diversity of sev- 
eral European rivers indicate that there is a kind of linear 
relationship between species diversity and functional 
rK-diversity. Samples showing strong deviations from 
this relationship are either unilaterally dominated by r- 
or K-strategists and show functional deficits. The rela- 
tive proportions of r- to K-strategists in c~-biocoenoses 
give also an insight in its general degree of disturbances. 
In conclusion, we would argue that single traits, or even 
trait sets, are in general useful tools to detect and to in- 
terpret functional relationships in large rivers, especially 
in c~-habitats. Moreover it seems clear to us that it would 
have been impossible to get the same results by inter- 
preting species data only. Further, our measure of distur- 
bance and of rK-functionality gives an additional func- 
tional aspect to the characteristics associated with a 
macroinvertebrate biocoenosis. The functional diversity 
as defined here is not regarded by most assessment sys- 
tems, which are normally based on the structural 
(species) diversity only. In our opinion functional diver- 
sity gives an essential additional view of the biocoeno- 
sis. In this context it is noteworthy that WARWICK (1986) 
found another general disturbance measure. He calculat- 
d the proportions of the biomasses in marine macroben- 
thic communities. If the dominant taxa possess the high- 
er masses the community was undisturbed and vice 
versa. Because K-strategists possess as a rule the higher 
biomasses, his approach is principally comparable! 
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